An inventory of culturable yeasts from the soil and water of natural CO 2 springs (mofettes) in northeast Slovenia is presented. In mofettes, CO 2 of geological origin reaches the soil surface causing temporarily and spatially stable hypoxic environments in soil and water. In total, 142 yeast strains were isolated and identified from high CO 2 and control meadow soil, meadow ground-water, forest pond and stream water. All water locations showed below-ground CO 2 release. They were assigned to six basidiomycetous yeast genera (six species) and 11 ascomycetous genera (18 species). All ascomycetous yeasts, with the exception of Debaryomyces hansenii, were able to grow under elevated CO 2 and fermented glucose. Candida sophiae-reginae, Pichia fermentans and Candida vartiovaarae were the dominating species in meadow and forest high CO 2 exposed water. Meyerozyma guilliermondii and Wickerhamomyces anomalus predominated in high CO 2 exposed soils. Using high dilution plating of a mofette soil sample, four strains of an unknown basidiomycetous species were isolated and are here newly described as Occultifur mephitis based on molecular phylogenetic and phenotypic criteria. The type strain of Occultifur mephitis is EXF-6436
INTRODUCTION
Yeasts are ubiquitous microfungi, typically unicellular, widespread in natural environments and colonise terrestrial and aquatic systems. Their distribution and functional relevance in soil is not fully understood; however, soil yeasts are involved in essential ecological processes, i.e. the mineralisation of organic material and assimilation of plant-derived carbohydrates. Some species play a role in soil nitrogen and sulphur cycles and can solubilise phosphates for plant uptake [1] [2] [3] . The ability of yeast species to successfully colonise specific ecological niches relates to their unique traits and physiological adaptability to diverse habitats [4] . Soil-inhabiting yeasts have been studied for over a century [2, 5, 6] and, to some extent, also in extreme environments [7] . Natural CO 2 springs, also called mofettes, belong to such extreme ecosystems. They are characterised by ambient temperature carbon dioxide (CO 2 ) of geological origin that reaches soil surface and ground-and above-ground water bodies and causes changed localised abiotic conditions [8] [9] [10] [11] [12] . Consistently increased and temporarily stable concentrations of CO 2 , resulting in low pH values [12] [13] [14] and localised hypoxia [10] [11] [12] , were reported over several decades in the soils at the Stavešinci mofettes in Slovenia [8, 9, 12] . Accordingly, this mofette can be used as a natural experimental site to study potentially slow ecological processes driven by soil biota [10, 12, 13] . The stable and extreme conditions at mofettes [8, 9, 12] may provide ideal conditions for examining the genetic adaptation of soil invertebrates, fungi or other soil microbes to elevated concentrations of CO 2 in soil (e.g. [10, 13] , see [12] for review). However, mofette research has only recently focused towards studying the impact of increased soil CO 2 on the diversity and community composition of soil micro-organisms (see [12, 15] for review). Major shifts in archaeal and bacterial communities towards anaerobic, acidophilic and methanogenic taxa dominating in CO 2 -rich hypoxic soils have been reported in studies conducted across several mofette sites in Europe (e.g. [13, [16] [17] [18] [19] ). Fungal diversity and community composition in mofettes have only been reported for the mofettes in Slovenia. The focus has been on a specific group of root symbiotic arbuscular mycorrhizal fungi [10, 12] , where high arbuscular mycorrhizal fungal community turnover (beta diversity) between high CO 2 environment (mofette) and control locations, and a consistent dominance of specific arbuscular fungal taxa in high CO 2 hypoxic soils has been reported [10] .
The direct impact of high CO 2 or low oxygen (O 2 ) concentrations on yeasts has rarely been studied. In a review paper, Jones and Greenfield [20] elucidated the exact effects of bicarbonate (HCO 3 À ) and dissolved (unhydrated) CO 2 on carboxylation and decarboxylation reactions in yeasts. Candida pseudolambica was inferred as the dominant yeast species under microaerobic conditions when studying the effect of dissolved oxygen concentration (microaerobic and aerobic) on selective enrichment culture for the bioaugmentation of acidic industrial wastewater [21] . Higher tolerance to high CO 2 levels has also been reported for wood-decomposing yeasts in comparison to yeasts decomposing litter [22] . The ability of yeasts to grow under oxygen-limited conditions seems to be strictly dependent on the ability to perform alcoholic fermentation [23] . It is well known that many yeasts have the capability to ferment sugars under limited oxygen sources, however, fermentative yeasts are not often encountered in anaerobic environments [24] . Grassland soils, by contrast, harbour predominantly ascomycetous yeasts, including fermentative yeast species [5] . The high diversity of differing microenvironments in soil and locally unique abiotic and biotic factors, including human impact, may trigger development of heterogeneous species compositions and emergence of species present in the one but not in another soil sample.
In this paper, an assessment of yeast diversity in soil and water environment in mofette sites near Stavešinci, Slovenia, is reported. The following hypotheses were tested: (i) soil and water environments of mofettes are modified by geological CO 2 emissions and harbour yeast taxa known from oxygen-limited and acidic environments including grassland soil; (ii) because of limited oxygen availability the majority of yeast taxa may belong to ascomycetes that can ferment glucose and grow under elevated CO 2 concentrations; and (iii) similar to other soils, inventories from mofettes may allow the discovery of not yet known, undescribed yeast species.
In addition to the isolation and identification of several known yeasts species from the Slovenian mofettes, the description of a new basidiomycetous yeast species, Occultifur mephitis f.a., sp. nov., isolated from meadow soils exposed to long-term geological CO 2 in the Stavešinci mofettes, is provided. [25] near Stavešinci in Slovenia. The meadow mofette site is a flat meadow with several vents where ambient-temperature CO 2 of geological origin, with only traces of hydrogen sulphide (H 2 S) and methane (CH 4 ), but with no detected carbon monoxide (CO) vents through the soil and into the atmosphere [8, 9, 13] . At the meadow mofette, ground water emerging at various spots shows clearly visible CO 2 bubbling. The meadow mofette soil can be classified as a natural reductosol [12, 26] . Soils from high CO 2 sites typically have a lower pH and a higher content of total organic carbon (TOC; %) and available phosphorus (Table 1 ) [13] . The Stavešinci meadow mofettes have a very well-described gas regime, which has been stable for at least 19 years [8, 9, 12] . The vegetation in forest mofette consists of Picea abies, Table S1 ) were pooled for isolation using flotation method, whereas for dilution method, they were not pooled (see the Yeast Isolation section for a detailed description of the isolation methods). On 27 May 2010 and 5 August 2011 only high CO 2 soil samples (CO 2 concentration higher than 95 %) were collected. Three soil samples were collected in May 2010 (H4, H5, H6; Table S1 ) and four in August 2011 (H7, H8, H9, H13; Table S1 ). The distance between the high CO 2 and control sites was 46 m. Soil pH was measured from soil suspensions in 0.01 M calcium chloride (CaCl 2 ) [27] and pH in all high CO 2 water samples was measured in triplicates with a bench-top pH meter (Thermo Scientific), total nitrogen after dry combustion [28] , and easily extractable phosphorus (P 2 O 5 ) colourimetrically [29] (Table 1) .
METHODS
Water samples were collected from Stavešinci meadow and forest mofette. Ground water emerging at the surface of the meadow mofette (pH 4.2±0.0) was collected at three spots (W1, W2 and W5; Table S2) in April 2012 (15. 4. 2012) . Ground water accumulating in the forest pond (pH 5.6±0.1) and water from the nearby stream (pH 7.4±0.0) was sampled on 27 May 2010 and April 2012. In May 2010 three individual water samples were collected from the stream and pooled prior to filtration (Table S2) . From the same stream, one water sample was collected in April 2012. In addition, in April 2012, a water sample was collected also from pond at the forest mofette (Table S2 ). All water samples were taken where CO 2 gas bubbles were observed.
Yeast isolation
For yeast isolation from soil samples (Table S1 ) and from water samples (Table S2) , four isolation techniques and six different culture media were used. (1) Enrichment in anaerobic atmosphere (method E in Table 2 ). Plates were incubated at 25 C. Yeast colonies were subcultured within 10 days of incubation in CO 2 atmosphere. (3) Flotation method described by Vicente et al. [32] without antibiotics (method FLO in Table 2 ): 20 g soil suspended in 100 ml saline solution and 15 ml sterile mineral oil were vigorously mixed; 0.1 ml aliquots from the interphase between the mineral oil and the saline solution were inoculated on culture media 2.1-2.6 and incubated at 25 C and normal air atmosphere. (4) Water filtration: 200 ml mofette water was filtered through Millipore membrane filters (0.45 µm) that were transferred to PDA plates supplemented with streptomycin and penicillin G and incubated as described above for dilution plating (method F in Table 2 ).
Yeast colonies were transferred to fresh media for purification and cultures were maintained on YMA slants kept at 4 C and were also preserved at À80 C. All strains were deposited in the Ex Culture Collection of the Infrastructural Centre Mycosmo (MRIC UL), Slovenia (www.ex-genebank. com/) at the Department of Biology, Biotechnical Faculty, University of Ljubljana ( Table 2 ). The ex-type strain was deposited in the CBS culture collection of the Westerdijk Fungal Biodiversity Institute, Utrecht, The Netherlands, and the Portuguese Yeast Culture Collection (PYCC), Universidade Nova de Lisboa, Portugal.
DNA extraction and amplification DNA was extracted from 3-to 7-day-old cultures of yeast isolates grown on YMA medium using PrepMan Ultra sample preparation reagent (Applied Biosystems). The domains D1 and D2 of the nuclear 28S ribosomal DNA (D1/D2) were amplified using primers NL1/NL4 [33] as described in Fell et al. [34] . The below-reported strains of genus Occultifur were also characterised by sequencing the internal transcribed spacer (ITS) regions ITS1 and ITS2 and the 5.8S ribosomal DNA by using primers ITS5/ITS4 [35] .
The obtained sequences were deposited at the European Nucleotide Archive EMBL-EBI under LT594798-LT594939 (D1/D2) and KX929054-KX929057 (ITS).
Phylogenetic analysis
Sequences were checked against the NCBI database using the Basic Local Alignment Search Tool (BLAST) [36] . Sequences were aligned using MUSCLE as implemented in MEGA, version 6.0 [37] and the alignments were manually adjusted. The phylogenetic analysis was based on a concatenated alignment of ITS and D1/D2 sequences and was made with MEGA 6 [37] using the maximum-likelihood algorithm and Kimura's two-parameter evolutionary model. Evolutionary rates among sites were modelled using the Gamma distribution. Gaps were treated as missing data.
Growth of yeast isolates in increased CO 2 atmosphere and reduced O 2 atmosphere Two strains of each yeast species were inoculated onto YMA medium and incubated for 3 weeks in 100 % CO 2 atmosphere using anaerobic jars. Later on, yeast species, able to grow under increased CO 2 atmosphere and a strain of O. mephitis (EXF-6436) were tested for growth in 100 % N 2 atmosphere. After incubation, their growth was assigned as being positive or negative.
Phenotypic characterisation
Strains identified as Occultifur species were grown on YMA and corn meal agar (CMA) based Dalmau plates at 25 C, and additionally on malt extract agar (MEA) and PDA. For testing the occurrence of teleomorphic structures, crosses were performed on all above-mentioned media and additionally on soytone-glucose agar (SG) and water agar (20 g l À1 H 2 O agar) [30] , and incubated at 17 C. Morphological characters were observed with Nomarski interference contrast optics on an Olympus BX-51 microscope. For the codes used to describe colony colour refer to Kornerup and Wanscher [38] .
Assimilation of carbon and nitrogen sources were studied for the strains EXF-6436 T , 6437, 6473 and 6482 on solid media following standard methods [30] , and incubated for up to 4 weeks at 25 C. Fermentation of D-glucose was tested in liquid medium with a 2 % solution of sugar [30] . In addition to standard methods, three different sets of Phenotypic MicroArray (PM; Biolog) plates were used, PM1 MicroPlate and PM2A MicroPlate for carbon metabolism and PM3B MicroPlate for nitrogen metabolism. Strain EXF-6436 was grown on yeast extract-peptone dextrose (YPD) medium (1 % yeast extract, 2 % peptone, 2 % D-glucose and 1.6 % agar) for 3 days at 24
C [39] . An aliquot of cells was suspended in water, adjusted to reach a turbidity transmittance of 62 %. Aliquots of 0.25 ml were added to minimal medium (IFY-0 1.2x) lacking either carbon (for PM1 and PM2A) or nitrogen (for PM3B) sources, Redox Dye Mix E (100Â) and one of the two PM (12Â) additives. The PM additives were prepared as sterile solutions: (i) 12Â nitrogen/phosphorus/sulphur (NPS; 60 mM L-glutamic acid monosodium, 60 mM potassium phosphate monobasic anhydrous (pH 6.0) and 24 mM sodium sulphate) solution used for PM1 and PM2A; and (ii) 12Âcarbon/phosphorus/sulphur (CPS; 1.2 mM D-glucose, 60 mM potassium phosphate monobasic anhydrous (pH 6.0) and 24 mM sodium sulphate) solution used for PM3B. PM plates were incubated at 24 C for 23 days, and the absorbance was measured at 450 and 590 nm (A 450 , A 590 ) on a CytationI 3 Imaging reader employing Gen5 Microplate Reader and Imager Software (BioTek Instruments). The readings of absorbance were taken at day 0, 2, 4, 7, 17 and 23 of incubation; measurements were compared to a negative control that consisted of the base media for PM1, PM2A and PM3B without carbon or nitrogen source, and additionally to the measurement of individual well before the incubation of the PM. The PM tests were interpreted as positive for absorbance >0.2 after 7 days of incubation, delayed if such values were observed only after 17 days of incubation, weak for absorbance between 0 and 0.2 after 23 days of incubation, and negative for values <0. Plates were also inspected visually to ensure that absorbance changes corresponded to the change of colour due to the reduction of included tetrazolim dye (Redox Dye Mix E).
Statistical analyses
A non-parametric Kruskal-Wallis rank sum test was used to examine the differences in general soil characteristics between high CO 2 and control locations and one-way analysis of variance (ANOVA) to examine the difference in pH values of water samples. All statistical analyses were conducted using the R statistical language version 3.0.1 with the statistical package 'stats' and 'Rcmdr' as implemented in the standard R libraries [40] . Yeasts isolated from mofettes A total of 142 yeast strains belonging to 17 genera and 24 species were isolated from the Stavešinci mofettes (Tables 2,  S1 and S2). The majority of isolated yeast species (18 of 24) belong to the Ascomycota (Table 2 ). Six yeast species were isolated from high CO 2 meadow soil: Meyerozyma guilliermondii, Occultifur mephitis, Rhodotorula glutinis sensu stricto [41] , Saitozyma podzolica and Wickerhamomyces anomalus. Occultifur mephitis was found in high CO 2 soil in a single sample in June 2010 (Table S1 ). The same Rhodotorula species was also isolated from control meadow soil; Wickerhamomyces anomalus from forest mofette water. Sequences of the D1/D2 regions of strain EXF-6415, 'Cryptococcus' strain CBS 11775, isolated from roots of Carex limosa in Russia (NCBI accession number FN824502), and strain UFMG-BRO203 isolated from bromeliad water tanks in the campo rupestre vegetation in Brazil (GenBank accession number JX280387) are identical. The sequences of the D1/D2 region of strain EXF-6415 and CBS 11775 are identical; they represent a not yet described species with affiliations to the Phaeotremella foliacea species complex [42] .
RESULTS

Soil
Seven yeast species were isolated from control soils: Candida sake (unaffiliated Candida clade clustering between the Lodderomyces-Spathaspora clades), Candida vartiovaarae, a sister species of Cyberlindnera (Lindnera, Williopsis) saturnus (Cyberlindnera clade) [30] , Schwanniomyces capriottii, Rhodotorula glutinis sensu stricto, Cutaneotrichosporon moniliiforme, a representative of the Ustilago-SporisoriumMacalpinomyces species complex [43] and Cyberlindnera saturnus. The two Candida species, C. sake and C. vartiovaarae, were also retrieved from forest mofette water.
Candida sophiae-reginae (unaffiliated Candida clade), Pichia fermentans and Candida vartiovaarae were the dominating yeast species isolated from the mofette samples. The highest species richness, corresponding to 15 yeast species, all ascomycetes, was observed in water from forest mofette (pond and stream) that included yeast species only encountered in forest water: Candida boleticola, Debaryomyces hansenii, Kazachstania exigua, Kluyveromyces dobzhanskii, a representative of the Metschnikowia pulcherrima species complex [44] , Metschnikowia pulcherrima, Pichia kudriavzevii, Suhomyces species and Torulaspora delbrueckii. Among those, isolates identified as Metschnikowia pulcherrima species complex differ in 11/462 nucleotide positions of the D1/D2 (98 % identity) from the sequence of the type strain of Metschnikowia fructicola and might represent a not yet described species. Strain EXF-7988 clustered together with Candida tibetensis strain CBS 10298 and both formed a unique lineage among other currently defined Suhomyces subclades specified by Kurtzman et al. [45] (not shown). Accordingly, strain EXF-7988 is here identified as a Suhomyces species.
Growth in 100 % CO 2 atmosphere, 100 % N 2 atmosphere and glucose fermentation Our results showed that all ascomycetous taxa except Debaryomyces hansenii that were able to ferment glucose were also able to grow under elevated CO 2 concentrations (Table 2) . Tested strains representing these species (Table 2 , EXF-numbers in bold) were also able to grow under 100 % N 2 . The gasses measured from jars after 3 weeks of incubation under initial 100 % CO 2 atmosphere were 74 ±16 % CO 2 and 4.5±3.6 % O 2 . The gasses measured after 7 days of incubation under initial 100 % N 2 atmosphere were 29±3 % CO 2 and 2.8±2.4 % O 2 .
Phylogenetic placement of Occultifur isolates DNA barcodes of four Occultifur strains isolated from mofettes differed clearly from those of known Occultifur species and were identified as members of the below-described Occultifur mephitis (Fig. 1) . Based on sequence resemblance, CBS 10223, a strain isolated from a leaf of Cistus albidus in Portugal (PYCC 6067), was also identified as O. mephitis [46] . All isolates from Slovenia were obtained from the same soil sample. Because isolates EXF-6436, 6437 and 6473 have identical ITS sequences, it is possible that they present clones of the same strain. A total of two nucleotide substitutions separated strain EXF-6482 from EXF-6436. Strain CBS 10223, isolated from an above ground substratum and in another biogeographic area had the same ITS sequence as Slovenian isolates EXF-6436, 6437 and 6473.
The sequences of O. mephitis formed a statistically highly supported branch. The phylogenetic analysis suggests a sister-group relationship of O. mephitis and O. tropicalis, isolated from sugarcane in Thailand and a strain from bromeliad tanks in Brazil [47] . The sister-group relationship of these isolates is moderately supported (bootstrap value of 82 %). Sequences of the D1/D2 of all O. mephitis strains were identical. They differed in 4 (0.7 %), 7 (1.2 %), 10 (1.7 %) and 14 (2.4 %) nucleotide substitutions from ex-type sequences of O. tropicalis [47] , O. brasiliensis [48] , O. kilbournensis [49] and O. externus [50] , respectively. The ITS sequences of O. mephitis strains were identical, except for mofette strain EXF-6428 that showed two nucleotide substitutions (0.4 %). They differed by 14 (2.6 %), 27 (Table S4) Additional results of Biolog test for CBS 14611 for C and N sources are listed in Table S3 (provided as supporting information).
Other characteristics: growth on 5 and 10% NaCl (À). Growth on YNB with glucose at 5 C (À), 15 C (+), 30 C (+), 37 C (À). Formation of starch-like compounds (À), urease activity (+).
Habitat: high CO 2 mofette soil in Slovenia and a leaf of Cistus albidus (Cistaceae) collected in Arr abida, Portugal (Table S4 ).
Additional comments: variation in assimilated carbon sources among mofette strains and CBS 10223 was noted (Table 3 and PYCC database). Mofette isolates assimilate galactose, D-arabinose, D-ribose and raffinose (w), while the strains from Cistus albidus did not. The latter assimilated Dglucuronate while the mofette strains did not (Table 3) .
DISCUSSION
This study provides an inventory of yeast species isolated from soil and water of natural CO 2 springs (mofettes) with geological CO 2 exhalations. The major characteristics of the sampled mofettes were high CO 2 exhalation, hypoxia and reduced soil acidity in the uppermost soil horizons ( Table 1) . The conditions in these mofettes also resemble other soils where hypoxia is created independently from soil structure and water saturation, as in hydromorphic or gleysolic soils [14] . Reduced O 2 concentration is the major abiotic factor affecting communities of soil prokaryotes (i.e. archaea and bacteria) at mofette sites [13] . The aim of the study was thus to study the diversity of culturable yeast species by using different isolation approaches. A total of 142 strains of yeasts were isolated and their in vitro growth and fermentative ability was tested in hypoxic atmospheres.
The most abundant yeast species found in meadow mofette soils were ascomycetous yeasts that are described as fermentative taxa in the literature [30] . Predominance of ascomycetous yeasts was also reported from German grasslands [5] . Among ascomycetous yeast isolated from meadow mofette soils, Meyerozyma guilliermondii, Candida sake, Candida vartiovaarae, Schwanniomyces capriottii and Cyberlindnera saturnus are reported from grassland soils [5, 51] . Among those, C. sake is also reported from hydromorphic soils [52] . Meyerozyma guilliermondii and Wickerhamomyces anomalus dominated on isolation plates retrieved from serial dilutions of soil suspensions and water filtration, respectively. The latter species was also isolated from water in the forest mofette. Especially, W. anomalus exhibits great diversity with regard to its natural habitat, growth morphology, metabolism and antimicrobial properties [53] . It is generally regarded as a widely occurring yeast with a generalistic character, also due to its physiological versatility [54] and efficient stress adaptation mechanisms ( [53] and references therein, [55] ). The frequent occurrence of M. guilliermondii and W. anomalus and their in vitro ability to grow in high CO 2 and N 2 atmospheres and fermentative ability suggests that they might be well-adapted to ecological niches characterised by increased CO 2 and consequently decreased O 2 . The same may apply to the majority of other ascomycetous yeast species isolated from mofettes ( Table 2) that are known to occur in a wide range of different soil environments worldwide (e.g. [1, 5, 6, 52, 56] , reviews in [51, 57, 58] ). Nevertheless, we also isolated basidiomycetous yeast taxa from high CO 2 mofette soil, including Saitozyma podzolica also previously reported from grassland soils [51] . Saitozyma podzolica was reported to inhabit acid soils in regions with tropical, temperate and boreal climates [3, 30, 57] . Occultifur mephitis is here described as a new species; individuated other strains represent either a potentially new Rhodotorula species closely related to Rh. glutinis sensu stricto or a new species of genus Phaeotremella. None of these had fermentative abilities and only the Phaeotremella species was able to grow at high CO 2 in vitro conditions. These findings suggest that the hypoxic conditions in mofette soils include microenvironments with a minimum O 2 supply required for these species.
Surface water samples from mofette sites, especially the forest mofette, hosted a larger diversity of yeast species as the soil in the meadow mofette. All isolated yeast species from forest water samples belong to Ascomycota, while Basidiomycetes are often reported as dominant in forest soils [6, 57] . Among yeasts isolated from forest water samples, Candida vartiovaarae, Debaryomyces hansenii, Torulaspora delbrueckii and Wickerhamomyces anomalus are reported from forest soils [6, 57] and Candida sake, Debaryomyces hansenii and Metschnikowia pulcherrima from hydromorphic soils [52] . Candida sophiae-reginae, C. pseudolambica and Pichia fermentans were present in water from the forest mofette and in water from the meadow mofette, but were not found in soil. The three species are also frequently isolated from European freshwater sites [59] . Candida pseudolambica is specifically known to flourish under acidic water microenvironments, e.g. acidic industrial wastewater [21] and hyperacidic freshwaters [60] . In contrast, Cyberlindnera saturnus, only found in control soils, was previously isolated from a variety of substrates, including unspecified soil, litter and animal dung [30] . The specified agricultural soil in Switzerland was not described as hypoxic [5] . Candida vartiovaarae, isolated from control meadow soil and also from forest mofette water, was considered as a true soil-borne yeast [57] . Only two records of this species are listed [30] , of which only one originated from soil. However, it was isolated recently also from forest [57] and grassland soils [5, 51, 61] .
All ascomycetous yeast species with the exception of Debaryomyces hansenii were able to grow under in vitro conditions with increased CO 2 and decreased O 2 (74±16.5 % CO 2 ; 4.5 ±3.6 % O 2 ) and were also able to ferment glucose ( Table 2 ). The inability of the basidiomycetous yeasts (Saitozyma podzolica, Occultifur mephitis, Rhodotorula species (Sporidiobolales) and Cutaneotrichosporon moniliiforme) to do so is in accordance with the opinion of others that consider basidiomycetous yeasts to be strictly aerobic [24, 62] . As already mentioned earlier, these results may imply that high CO 2 mofettes accommodate also microenvironments supplying sufficient amounts of O 2 for these basidiomycetous yeasts.
Soil hypoxia is not the only CO 2 -induced soil property in mofette areas. As a consequence of CO 2 solubility in soil water and its conversion to carbonic acid, the pH also decreases in high geological CO 2 soils. A linear correlation between CO 2 concentrations and pH values in soil was reported [11, 12] . High CO 2 soils and meadow mofette water had a similar acidic pH, 4.2±0.1 and 4.2±0.0, respectively, while the pH value of control soils was a bit higher (5.4±0.1), at least in November 2009 ( Table 1) . The reduced pH value encountered in high CO 2 mofette environments may also favour yeast species that are known to survive in environments with an at least moderately reduced pH value including Candida sophiae-reginae, Pichia fermentans, Candida vartiovaarae and Candida pseudolambica. Although C. pseudolambica is a cosmopolitan species, it flourishes, among others, in acidic water environments [60] ; M. guilliermondii, a generalist species found in a large variety of habitats (human, insect dung, fruits, etc.) [30] was only rarely isolated from soil, for example from soil in Italy [63] , and a tropical peat swamp forest in Thailand with pH values from 4.07 to 4.56 [64] . Saitozyma podzolica is known to inhabit low pH soils [65, 66] , especially peat, where the decomposition of organic matter is resulting in soil acidity [66] . Mofettes represent a habitat where increased CO 2 concentrations lower soil pH values due to the acidic dissolution of CO 2 , thus mofettes can represent an environmental niche for S. podzolica and for many other yeast species also known from acidic environments [67, 68] . The presence of yeasts, capable of living in the acidic environments of high CO 2 soils and water at Stavešinci mofettes complement recent reports from several European mofettes that show a shift towards acidophilic bacterial and archaeal taxa [16, 17] .
Although the newly described basidiomycete Occultifur mephitis was isolated from high CO 2 meadow soil, tested strains of this species did not grow in the increased CO 2 atmosphere. It also did not show fermentative abilities. Nevertheless, it was growing in a hypoxic atmosphere generated by 100 % N 2 in an anaerobic jar, where respiration resulted in an accumulation of up to 32 % CO 2 , while the remaining O 2 level was up to 5 % (Table 2 ). This behaviour may explain why it can grow in a hypoxic environment.
Occultifur is a rarely reported genus in environmental studies. Occultifur species were described as mycoparasites (O. internus) or plant litter or soil inhabitants (O. externus, O. kilbournensis, O. tropicalis and O. mephitis). Other species were isolated from a water plant tank (O. brasiliensis) [48] or from overwintered maize and sugarcane (O. kilbournensis and O. tropicalis, respectively) [47, 49] . Because of identical ITS and D1/D2 rDNA sequences, the strain CBS 10223, isolated from a leaf of Cistus albidus in Portugal [46] , is regarded a member of O. mephitis, although the strain showed different assimilation abilities (Table 3) as the strains isolated from mofette soil.
CONCLUSION
Studied mofette environments are characterised by increased concentration of geological CO 2 , localised soil hypoxia and lowered soil pH. Mofettes are known to harbour specific groups of micro-organisms that are able to thrive and grow under these long-term stable conditions (e.g. [12, 13, 16, 17] ). Community composition of isolated yeasts from Stavešinci mofettes reflect the nature of this extreme environment as we have observed yeast species commonly found in acidic and hypoxic environments, with the dominance of fermentative ascomycetous yeasts. The study resulted in the discovery of the new species Occultifur mephitis and Phaeotremella species isolated from high CO 2 exposed soils, a representative of M. pulcherrima species complex and Suhomyces species isolated from high CO 2 exposed water. 
